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ABSTRACT 

We  studied  the  growth,  structural  and  magnetic  properties  of  the  hexagonal  ferrite  (BaAlxFel2-x019)  films  on  a  surface  of  Pt  template/Si 
wafer.  We  determine  that  our  hexagonal  ferrite  films  are  highly  textured,  with  the  c  axis  perpendicular  to  the  Si  wafer  surface  and  that  A1 
substitution  substantially  increases  uniaxial  magnetic  anisotropy  from  17  to  25  kOe  for  x=0  and  x=2  respectively.  This  increases  in 
anisotropy  field  is  governed  by  preferential  substitution  of  A1  ions  into  the  12k,  2a  and  2b  Fe  sites  as  determined  by  our  Mossbauer 
spectroscopy  studies,  consequently  reducing  magnetization.  As  a  result,  the  ferromagnetic  resonance  frequency  increases  from  35  to  70  GFlz 
in  zero  applied  field.  We  built  a  prototype  of  a  fully  integrated  on-wafer,  magnetically  tunable  band-stop  filter  on  a  Si  substrate.  The  filter 
uses  a  barium  hexagonal  ferrite  film  incorporated  into  the  dielectric  layer  of  a  microstrip  transmission  line.  The  zero-field  operational 
frequency  is  about  34  GFlz,  increasing  linearly  with  the  strength  of  an  applied  magnetic  field  at  a  rate  of  about  2.7  GFlz/kOe. 

Experimentally,  high  signal  attenuation  (33-67  dB/cm)  at  the  resonance  frequency  and  insertion  losses  as  low  as  4.5  dB  were  simultaneously 
observed,  while  the  3  dB  device  bandwidths  were  below  1  GFlz. 
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Scientific  Progress 

During  the  last  year  of  this  project  our  work  concentrated  in  two  areas: 

1)  Mossbauer  studies  of  the  Al  doped  BaAlxFe12-x019  films  and  XRD  studies  of  the  bulk  hexagonal  ferrites  to  understand  the 
nature  of  the  Al  substitution  into  the  Fe  sites 

2)  Development  of  fully  integrated  on-wafer  band-stop  filter  using  hexagonal  ferrites  films  grown  on  Si  wafer 

3) 

In  addition  we  prepared  a  paper  on  a  nonlinear  phase  shifter  and  another  paper  on  magneto-optical  properties  of  the  hexagonal 
ferrite  films. 

Our  work  on  materials  for  on-wafer  microwave  devices  concentrated  on  barium  hexagonal  ferrite  (BaM)  films  grown  on  Si 
because  these  material  is  a  good  candidate  material  for  new  generations  of  on-wafer  microwave  devices  operating  at 
frequencies  above  40  GHz.  Doping  BaM  with  Al  increases  the  value  of  anisotropy  field  significantly,  and  in  combination  with  a 
large  value  of  remanence,  could  allow  one  to  create  a  self-biasing  material/structure  that  would  eliminate  the  need  for 
permanent  bias  magnets  in  millimeter  wave  devices.  To  examine  the  occupation  of  Fe  sub-lattices  by  Al  ions,  we  carried  out 
Conversion  Electron  Mossbauer  Spectroscopy  (CEMS)  measurements  at  room  temperature  and  zero  magnetic  field  (after 
magnetizing  the  samples  in  a  strong  magnetic  field).  The  spectra  can  be  reasonably  fitted  with  three  components  (sub-spectra) 
corresponding  to  different  Fe  sublattices.  There  are  significant  changes  in  the  spectra  with  the  addition  of  Al:  The  magnetic 
hyperfine  field  decreases  for  all  three  components,  and  their  relative  contributions  also  change  remarkably.  These  observations 
are  in  agreement  with  the  fact  that  the  Al  substitutes  Fe,  thus  lowering  the  component  contributions  and  the  value  of  the 
hyperfine  field.  Specifically,  the  Fe  sites  12k,  2a  and  2b  are  preferentially  occupied  by  the  Al  ions.  As  a  result  the  saturation 
magnetization  decreases  significantly  with  Al  doping  and  this  decreases  of  the  saturation  magnetization  is  responsible  for  the 
significant  increase  of  uniaxial  anisotropy  field.  In  addition,  our  previous  XRD  analysis  indicates  increasing  grain  misalignment 
with  Al  content,  further  supporting  the  CEMS  data 

We  have  devoted  a  significant  effort  to  built  a  prototype  of  a  fully  integrated  on-wafer,  magnetically  tunable  band-stop  filter 
operating  at  millimeter  wave  frequencies  on  a  Si  substrate.  In  contrast  to  earlier  studies,  our  filter  uses  a  very  thin  barium 
hexagonal  ferrite  film  incorporated  into  the  dielectric  layer  of  a  microstrip  transmission  line  to  filter  the  signal.  We  have  used 
barium  hexagonal  ferrite  film  without  Al  doping,  however  the  procedure  to  built  would  be  identical  using  BaAlxFe12-x019  films. 
The  device  operates  by  absorbing  signals  at  the  FMR  frequency  of  BaM,  while  signals  at  off-resonance  frequencies  propagate 
through  the  structure  with  far  less  damping.  The  zero-field  operational  frequency  is  about  34GHz,  increasing  linearly  with  the 
strength  of  a  static,  perpendicularly  applied  magnetic  field  at  a  rate  of  about2.7GHz/kOe.  Experimentally,  high  signal  attenuation 
(33-67  dB/cm)  at  the  resonance  frequency  and  insertion  losses  as  low  as  4.5  dB  were  simultaneously  observed,  while  the  3  dB 
device  band-widths  were  generally  below  1GHz.  Our  calculations  are  in  quantitative  agreement  with  the  experimental  results. 
We  also  find  an  important  result  that  the  thickness  and  conductivity  of  the  Pt  ground  plane  plays  a  key  role  in  insertion  losses, 
indicating  directions  for  further  improvements. 
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